Asparagus officinalis seedlings treated with either thiocarbamates or carbamates are induced to flower within 2-3 weeks of application. SDS-PAGE and 2-D PAGE resolutions of total soluble proteins of treated seedlings showed the accumulation of an acidic 17 kDa polypeptide. Partial amino acid sequence of the acidic protein showed homology to the wound-responsive A. officinalis PR 1, AoPRl. We named this protein EFP, early flowering protein, owing to its advanced appearance during the early transition from vegetative to floral phase. Carbamates and thiocarbamates that induced more than 80% flowering rates corresponded with increased level of EFP while compounds that are weak flower inducers showed reduced amount of EFP. The observation thus denned the correlationship of EFP to variable flowering rates.
Asparagus (Asparagus officinalis) is a dioecious, monocotyledonous perennial bearing the male and female floral organs on separate plants. Sex determination in asparagus is controlled by the X and Y chromosomes and sexual organs development just prior to meiosis is indiscernable (Lazarte and Palsere 1979, Galli et al. 1988) . Seed-grown asparagus plants require an average of 2-3 years of maturity before rupturing out floral inflorescences. The transformation to floral ontogeny is not known to be photosensitive and adult plants will continue to flower all year long under greenhouse conditions after a period of exclusively vegetative growth. Male spears are generally preferred to female spears with respect to their higher vigor and greater yield from a commercial viewpoint.
With the discovery of exogenously applied herbicidal compounds such as atrazines, carbamates, ureas and thiocarbamates to asparagus seedlings (Abe and Kameya 1986 , Abe et al. 1987 , Yanosaka et al. 1991 , flowering is advanced within 2-3 weeks of application. SubAbbreviations: DMSO, dimethylsulfoxide; IEF, isoelectric focussing; IPR, intracellularpathogenesis-related; PR, pathogenesis-related; PVDF, polyvinylidine difluoride; GUS, /?-glucuronidase; CBB, coomassie brilliant blue. 3 To whom correspondence should be addressed. sequent introductions of JV-Phenyl-TV-alkoxyformamidines and alkanamidines improved flowering rates at lower concentration and increased survival rates (Kusukawa et al. 1994) .
The ramifications of precocious flowering has both commercial application and in basic research at understanding the inductive processes of floral ontogeny. While polypeptides expression in mature floral organs of asparagus has been explored without characterization (Bracale et al. 1990) , the induction of specific proteins preceding the transition to floral morphogenesis and before mature organs are formed has not been reported.
We examined the protein profiles of precocious flowering in asparagus seedlings induced by carbamates and thiocarbamates, and found a specific and new protein accumulated during the early passage from vegetative to floral shoot in asparagus seedlings by 2-D PAGE. We named this new protein EFP (early flowering protein). EFP has close similarity to the predicted amino acid of wound-responsive asparagus PR 1, AoPRl (Warner et al. 1992) . This report describes the detection, and partial characterization, of EFP as it correlates with variable flowering rates.
Materials and Methods
Plant material and chemical treatment-All treatments were carried out at 30°C in the dark and had three replicates of 25 asparagus (Asparagus officinalis L. var. Mary Washington 500W) seeds (Sakata Seed Company) placed on 3 layers of filter papers in a 90 x 20 mm disposable Petri-dish. Seeds were first imbibed with sterile distilled water for 4 days followed by transfer to the respective chemical solutions for another 4 days. The compounds used were thiocarbamates 1 and 2, and carbamates 3 and 4 ( Fig. 1) at 200 fiM dissolved in dimethylsulfoxide (DMSO). The final concentration of DMSO was no more than 0.04%.
A time course of 1, 2, 3 and 4 days of treatment was performed using thiocarbamate 1 so as to ascertain the number of incubation days required to obtain optimal flowering rates.
Seedlings, after 4 days of treatment, were transplanted to soil and allowed to be acclimatized in the greenhouse. The survival rates and number of flowers, based on the number of flower per plant survived, formed were counted after two weeks of acclimatization. Controls were set up as the chemical treatments but without the compounds.
Extraction of soluble proteins-Soluble proteins were extracted from treated seedlings after 4 days of incubation with 1, 2, 3 and 4, and 1 to 4 days for 1. Non-treated seedlings were similarly collected as controls. Seedlings were first excised from the attach- ed endosperms and grinded in liquid nitrogen followed with the addition of extraction buffer three times the volume to weight of samples. The extraction buffer contains 50 mM Tris (pH 8), 2 mM EDTA, 5 mM DTT and pH adjusted with maleic acid to a final concentration of 26 mM. The extracts were centrifuged at 16,000 xg for 30mins, pellet discarded and supernatant kept at -80°C. Protein concentration was quantified by using the Bradford (Bradford 1976) procedures and bovine serum albumin as standard. Samples for 2-D PAGE were vacuum-concentrated to a range of 60-100//gyul~' before being subjected to isoelectric focusing. Farrell 1975) was essentially adopted as outlined in the B1O-RAD® manual but with modifications. The primary adjustments were the isoelectric focussing (IEF) duration and applied voltages. The two ranges of ampholytes used were of pi 3-10 (1.6%) and 5-7 (0.4%). Protein samples at 500 tig were fractionated by their isoelectric point at a constant voltage of 300 V for 1 h followed by 500 V for 16 h. On completion of the first phase, IEF tube gels were equilibrated with equilibration buffer for no more than 15 mins, and then loaded directly on a 12% SDS-PAGE (Laemmli 1970 ) without stacking gel. SDS-PAGE was performed at a constant current of 30 mA. Following completion of electrophoresis, gels were fixed and stained overnight in a modified solution of 50% methanol, 10% acetic acid, 2% phosphoric acid, 10% TCA and 0.1% G250 Coomassie Brilliant Blue. Destaining was done in a solution of 30% methanol and 10% acetic acid. Electrophoresis for each sample were replicated at least three times. The broad-range standard molecular markers were used for all SDS-PAGE and pi for 2-D PAGE was calibrated by measuring the pH range from the acidic end to the basic end of the IEF tube gel.
SDS-PA GE and 2-D PA GE-The methods employed for 2-D PAGE (O'
Relative 2-D PAGE protein spot concentration-The protein concentration of the spots of interest was quantitated using the NIH Image 1.44 program by Symantec Corporation.
Amino-terminal and internal peptide sequence-Amino-ter-
minal sequence analysis of the protein separated on SDS-PAGE and blotted onto PVDF (Immobilon-P) membrane was performed on model 477A protein sequencer (Applied Biosystems). The electroblot was carried out at a constant current of 300 mA for 3 h using 100 mM Tris, 192 mM glycine, 0.1% SDS and 20% methanol as running buffer.
The acidic protein spot from the 1-treated samples were excised directly from 2-D PAGE gel and in situ digestion of the polypeptide at the lysyl bonds (Kawasaki et al. 1990 ) was performed using Achromobacter protease I in the presence of 0.1% SDS. The peptides generated were fractionated by reverse-phase HPLC on tandem columns of TSK-gel DEAE-5PW (2x20 mm) and Superspher RP-Select B (2x 120 mm) columns using a HewlettPackard model 1090M Liquid Chromatograph equipped with a diode array detector. Two eluents used were (A) aqueous 0.09% (v/v) triflouracetic acid and (B) 80% (v/v) acetonitrile containing 0.075% (v/v) triflouracetic acid. A linear gradient of 0 to 80% of eluent B in 32 min and a flow rate of 0.2mlmin~' were used. Effluent was monitored by absorbance at 215, 254, 275 and 290 nm. Four of the isolated protein fractions were sequenced by the 477A protein sequencer.
Homology search of the four internal peptide sequences was executed using the non-redundant combined databases of National Center for Biotechnology Information (NCBI) using the BLAST Search.
Results
After one day of incubation with 1, flowering rate was at 52%. The flowering rates increased after three days of treatment and reached the highest on the fourth day at 86.9% (Fig.2) . Identified male flowers for 1, 2, 3 and 4 were counted at 33, 3, 23 and 6, respectively, while female flowers numbered at 20, 1, 27 and 0, respectively. There were a few unidentified flowers for which their sex was not determined due to its deformity. SDS-PAGE analysis of soluble proteins obtained from seedlings treated with 1 showed the accumulation of a 17 kDa polypeptide (Fig. 3) . Further analysis of protein pro- files of seedling treated with 1 by 2D-PAGE showed a significant protein spot accummulated in the acidic range corresponding to the apparent molecular mass of 17 kDa (Fig. 4) tein in all the controls using the CBB staining method. The acidic protein was named early-flowering protein, EFP, owing to its detection in the early stages and unequivocally expressed during floral induction. EFP with an apparent molecular mass in the range of 17 kDa, consistently appears in the pi rartge of 4.4 to 5 in the protein profiles with all the compounds tested. The inducible level of EFP varies with the different chemicals and flowering percentages (Fig. 4, Table 1 ). The induction of EFP is elevated when the flowering percentage is high (80% or more) and is observed to be reduced when the percentage is low (10% or below) ( Table 1) .
Since Edman degradation of the whole protein did not yield any significant PTH amino acid derivative, it was concluded that the amino terminus of the protein was blocked. Consequently, the polypeptide digested with protease I generated a few fragments and of which four peptide fragments were selected and sequenced (Fig. 5) . Although they showed high and partial homology (71%-50%) to the predicted amino acid sequence of the AoPRl gene product, an intracellular pathogenesis-related (IPR) protein from A. officinalis, EFP is a new protein specifically related to early flowering in asparagus seedlings. Herbicidal activity based on the survival rates of all the chemicals used was found to be relatively low at the 200 fiM concentration (Table 1) . The low toxicity ensures that the maximum number of survivals are progressed way into the flowering stage so an accurate account of the flowering rates can be determined. Seedlings continued to grow normally after flowering and produced new shoots without flowers.
Discussion
The repetitive theme of the variable acidic protein from 2-D PAGE analyses from the various chemicals applied led to the detection of a new protein, EFP. The fluctuating amount of EFP correlated with flowering rates. The most obvious correlationship was when the flower induction was high the production of the EFP was also seen to be increased (Fig. 4, Table 1 ). Similarly, when very low flowering percentages were obtained the level of EFP was observed to be significantly reduced. No detectable level of the protein was noted in the controls and no flower was observed.
The array of piling publications already presented by various researchers attest to the presence of intracellular PR (IPR) transcripts and proteins in flowers. These IPRs were detected in mature floral organs, as in the birch IPR BetV'm mature pollen (Breiteneder et al. 1989) , asparagus AoPRl in pollen (Warner et al. 1993 (Warner et al. , 1994 , and potato wun 1 in mature pollen (Siebertz et al. 1989) . In comparison, and in-lieu of EFP transcripts, EFP was detected at an earlier stage, four days after treatments. In view of the accumulating reports of IPR transcripts in floral organs, it would not be at all surprising to say that our new EFP may further add to the existing pool of data concerning IPRs in flowers. Although several hypothesis as to the role of IPRs have been inferred, their exact functions (Constabel et al. 1993 ) have yet to be enlightened and it would be mere conjecture to say if it does in anyway play a role in the reproductive cycle.
The first shoot that arises from the seed after germination is vegetative. With the application of the chemical inducers, the first apical shoot terminates in a single flower bud although axillary flowers are observed from time to time. What gene-products are responsible for precocious flowering in asparagus is still unknown. Since asparagus is known to be photoperiodically neutral and seedlings lack visibly protruding cladophylls, even after 4 days of germination, floral signals originating from the 'leaves' are unlikely. Carbamates that inhibited the f-cinnamic acid 4-hydroxylase (Tanigaki et al. 1993) , the key enzyme of the phenylpropanoid metabolism and therefore subsequent reduction in chlorogenic acid (Yanosaka et al. 1991) , have been implicated to be involved in the flower induction of asparagus seedlings. Evidences on compounds that were much less inhibitory on ?-cinnamic acid 4-hydroxylase while maintaining higher flower induction in asparagus seedlings (Kusukawa et al. 1994 ) effectively eliminated the concept of reduction in PAL (phenylalanine ammonia lyase) would lead to flowering. In contrast, increased PAL activity and subsequent accretion of phenylpropanoids under nonphotoperiodic conditions were reported to correlate with the induction of flowering in morning glory (Hirai et al. 1995a ). In addition, the accumulation of ascorbic acids in the induction of flower (Pharbitis nil) was suggested to have led to the increased in phenylpropanoid biosynthesis (Hirai et al. 1995b ).
EFP high homology to AoPRl, whose promoter-GUS acivity was also found to have high correlationship with the main phenylpropanoid biosynthesis, may be an added boost to its involvement in the flowering physiology of asparagus. Buffering the hypothesis of phenylpropanoidrelated flowering lies in the discovery of dihydrokaempferol, a flavonoid, as an effective flower promoter compound in Pharbitis nil (Nakanishi et al. 1995) .
Alternatively, the detection of EFP might solely be the contribution of the male entity since flavonoids have been shown to partake in the functional production of pollen (Mo et al. 1992) . That perhaps the protein itself, directly or indirectly, tilts the male-female equilibrium more towards the male remains to be seen when the male plants are observed in the next 2-3 years of normal growth conditions. We are currently undertaking the road to isolate and characterize the full length cDNA which would spell out the broader meaning of EFP to flowering. (Received May 27, 1996; Accepted July 11, 1996) 
